People evaluate members of their own social group more favorably and empathize more strongly with their ingroup members. Using electroencephal ography (EEG), we explored whether resonant responses of sensorimotor cortex to the pain of others are modulated by the ethnicity of these others. White participants watched video clips of ethnic ingroup and outgroup hands, being either penetrated by a needle syringe or touched by a cotton swab, while EEG was recorded. Time frequency analysis was applied to Laplacian transformed signals from the sensors overlying sensorimotor cortex in order to assess event related desynchronization and synchronization (ERD/ERS) of sensorimotor mu (7 12 Hz) and beta (13 30 Hz) rhythms. When watching needle injections, beta ERD was significantly stronger for ingroup compared with outgroup hands. This ethnicity bias was restricted to painful actions, as beta ERD for ingroup and outgroup hands neither differed when observing no pain videos, nor during presentation of the hands without any treatment. Such vicarious sensorimotor activation could play a role in social interaction by enhancing the understanding of the feelings and reactions of others and hence facilitating behavioral coordination among group members.
INTRODUCTION
One putative mechanism of how we bridge the divide between self and others is empathy, as it enables us to share and to experientially under stand what others are feeling. Recent advances in social neuroscience have started to identify the neural mechanisms involved in empathy (Singer and Lamm, 2009; Decety, 2011, for review) . Although earlier accounts predominantly stressed the role of affective representations (e.g. Singer et al., 2004) , a large body of empirical evidence suggests that empathy can also be supported by sensorimotor resonance (for reviews, see Bastiaansen et al., 2009; Keysers et al., 2010; Bufalari and Ionta, 2013) . While some of this evidence has been derived from func tional magnetic resonance imaging (fMRI) studies (see Keysers et al., 2010, for review) , specific signatures of sensorimotor mechanisms have been provided by electroencephalographic (EEG) studies. For instance, Bufalari et al. (2007) demonstrated that watching video clips which showed hands of others in painful situations resulted in modulation of early somatosensory evoked potential components.
Apart from event related somatosensory potentials, EEG and mag netoencephalographic (MEG) investigations exploiting event related changes in the central (Rolandic or sensorimotor) mu and beta rhythms provided another line of evidence. Mu (7 12 Hz) and beta (13 30 Hz) rhythms are spontaneous rhythmic oscillations that can be recorded over sensorimotor cortex using EEG/MEG (Niedermeyer, 2005) . Both mu and beta rhythms are modulated in association with somatosensory and motor processing (for review, see Hari and Salmelin, 1997; Neuper and Pfurtscheller, 2001; Pfurtscheller and da Silva, 2005; Stancˇák, 2006) , and the terms event related desynchron ization (ERD) and synchronization (ERS) have been introduced for event related decreases and increases, respectively, in EEG/MEG oscil latory activity. Mu and beta ERD occur shortly after the onset of somatosensory stimulation, as well as before and during the execution and the imagination of movements. They are followed by a rebound (i.e. ERS) contingent upon the offset of somatosensory stimulation or movement execution/imagination. It has been repeatedly shown that mu/beta ERD and ERS, respectively, are associated with increases and decreases of regional cerebral blood flow and blood oxygen level de pendent (BOLD) signal changes in sensorimotor cortex (Oishi et al., 2007; Formaggio et al., 2008 Formaggio et al., , 2010 Ritter et al., 2009; Yuan et al., 2010; Arnstein et al., 2011; Stevenson et al., 2011) .
Importantly, attenuation of sensorimotor mu and beta oscillations also occurs when individuals merely observe somatosensory stimula tion or movements of other people (hitherto referred to as 'targets') (Babiloni et al., 2002; Cheyne et al., 2003; Avanzini et al., 2012) . Furthermore, recent findings using both EEG (Perry et al., 2010) and MEG (Whitmarsh et al., 2011) suggest that observing pain inflicted in others results in stronger mu and beta ERD compared with observing non painful interventions. There is also evidence that the vicarious experience of pain as reflected by ERD of the central rhythms can be modulated by processes such as the similarity between observer and target. More specifically, in line with previous fMRI findings , mu ERD to the pain of others was modulated by the fact whether pain responses of a target are similar or dissimilar to the observer's own pain responses (Perry et al., 2010) .
Identification with a social group is one of the crucial determinants of personal identity (Ellemers et al., 2002) . There is a substantial body of social psychology research demonstrating that group identity (e.g. ethnic, religious or political) has a powerful impact on social perceptions, emo tions and behavior. This research revealed that people generally evaluate members of one's own group more favorably than outgroup members, a phenomenon called ingroup favoritism (Allport, 1954; Hewstone et al., 2002) . Several behavioral and neuroscientific studies revealed that people empathize more strongly with ingroup than outgroup members (Sturmer et al., 2006; Tarrant et al., 2009; Dovidio et al., 2010; Cikara et al., 2011; Forgiarini et al., 2011; Gutsell and Inzlicht, 2012; Montalan et al., 2012; Trawalter et al., 2012) . Ethnicity 1 is a dominant and an easily recognizable signal of group affiliation (Zebrowitz et al., 2007; Ito and Bartholow, 2009) . A handful of studies have recently shown that observing ethnic ingroup members undergoing painful needle injections resulted in stron ger neural responses as compared with observing ethnic outgroup mem bers undergo the same procedures Mathur et al., 2010; Sheng and Han, 2012; Azevedo et al., 2013; Contreras Huerta et al., 2013; Sheng et al., 2013 Sheng et al., , 2014 Sessa et al., 2014) . However, most of these find ings have documented activation differences in areas associated with the affective components of empathy, such as the medial cingulate or the anterior insular cortex.
The fact that previous fMRI studies have not been able to demon strate consistently that ethnic group affiliation modulates activity in sensorimotor cortex might be attributed to the lower sensitivity of fMRI (e.g. Brázdil et al., 2005; Yuan et al., 2010) and the use of less sensitive experimental paradigms to identify somatosensory modula tion (e.g. Keysers et al., 2010; Lamm et al., 2011) . On the other hand, in a transcranial magnetic stimulation (TMS) study, Avenanti et al. (2010) demonstrated that a target's ethnicity influenced the effect of pain observation on motor evoked potentials (MEPs). This finding of modulation of motor system excitability indicates that observing pain in others could engage sensorimotor processes, depending upon the target's ethnic group. However, MEPs reflect excitability of selective muscle motor representations at a specific point in time and provide little insight into activity of extended sensorimotor cortical networks and their dynamic modulation over time.
In this study, we therefore employed EEG to specifically assess em pathy related sensorimotor responses to the pain of ethnic ingroup and outgroup targets. To this end, we presented white Caucasian volunteers with videos of needle injections into the hands of white and black targets. We took advantage of the high temporal resolution of EEG and used Laplacian current source density (CSD) spatial filtering to assess with enhanced spatial sensitivity modulations of oscillatory activity of the sen sorimotor cortex (Srinivasan, 2005; Tenke and Kayser, 2012) . In line with the hypothesis of the contribution of sensorimotor processes to empathy (see also Lamm and Majdandžić, 2015 for critical discussion), we expected to find desynchronization of mu and beta rhythms to be stronger when white participants observed pain inflicted on ethnic ingroup (white tar gets) as compared with outgroup members (black targets).
METHODS
In this section, we briefly describe the main methods used in this study. Additional details are provided in the Supplementary material.
Participants
Sixty nine healthy white participants participated in this study. Thirty seven individuals (20 females and 17 males, 19 36 years, mean 23.7) participated in the main experiment in which naturalistic videos were used. Thirty two other participants (17 females and 15 males, 19 30 years, mean 22.5) participated in a control experiment in which violet colored versions of the stimuli of the main experiment were employed.
Stimuli
We used short videos developed by Avenanti et al. (2010) depicting the following situations: a needle syringe penetrating a white hand (White Pain condition) or a black hand (Black Pain); a cotton swab touching a white hand (White No pain) or a black hand (Black No pain). For the control experiment, we used the same stimuli, but the hands were digitally colored in violet ( Figure 1A ). In line with previous work Azevedo et al., 2013) , the aim of this experiment was to assess whether the expected ethnicity bias in the main experi ment could be attributed to increased familiarity or similarity to ingroup white hands. Moreover, the control experiment allowed us to assess the influence of low level visual features of the stimuli, such as brightness and shape, which might confound ethnicity effects. Figure 1B illustrates the sequence and the timing of stimuli within one trial. For each of the four experimental conditions, 60 trials were presented, resulting in a total of 240 trials. Stimuli were presented using E Prime 2.0 (Psychology Software Tools, Inc., Sharpsburg, PA, USA).
Ratings of stimuli used in the EEG experiment After finishing the EEG experiment participants were again presented with the videos to rate (1) how painful the situation was for the person whose hand was penetrated by a needle syringe or touched by the cotton swab (other related painfulness) and (2) how unpleasant their own feelings were when watching the stimuli (self related unpleasant ness, i.e. negative affect). A 7 point Likert scale was used with values ranging from 'not at all' to 'very much'.
Measures of ethnicity bias Attitudes Towards Blacks (ATB) scale
To assess ethnic attitudes of study participants, we employed the ATB scale (Brigham, 1993) . This questionnaire assesses ATB people in re lation to various social issues such as urban crime, interracial marriage or racial integration in schools, businesses and residences.
Implicit Association Test (IAT)
We used the so called race IAT to assess implicit ethnicity bias (Greenwald et al., 1998) .
2 Subjects categorized stimuli as belonging to the categories good or bad (words) and black or white (faces). Based on response latencies, the D index was computed as a measure of implicit ethnicity bias according to the algorithm described by Greenwald et al. (2003) .
Measures of dispositional empathy
Dispositional empathy was assessed by using the German version of the Interpersonal Reactivity Index (IRI; Davis, 1983; Paulus, 2009 ), a questionnaire measuring four aspects of empathy: Perspective Taking (PT), the ability to spontaneously take the perspective of others and to see things from their point of view; Fantasy Scale (FS) the tendency to identify with other persons; Empathic Concern (EC), addressing feelings of concern toward others; Personal Distress (PD), assessing feelings of distress when observing others in need.
EEG recording and processing EEG was recorded from 59 equidistantly positioned electrodes. After initial signal processing and artifact removal using the EEGLAB 1 Note that although the term ''racial'' has been mostly used in previous work, this term has some problematic connotations and implications in its public use (for instance motivating measures against certain racial groups based on their presumed ''biologically determined'' inferiority). We therefore prefer to use the term ''ethnicity'' as a more neutral description of what we are dealing with i.e., differences between individuals in socio cultural and physical, but not in biological genetic terms (AAPA, 1996) .
toolbox (Delorme and Makeig, 2004) , the EEG signals were trans formed to reference free scalp CSD in order to eliminate volume conducted contributions from distant regions and hence signals likely not originating in sensorimotor cortex (Kayser, 2009) . Sensors overlying left and right sensorimotor cortex were selected to represent regions of interest (ROIs, see Figure 2 ). In these channels, event related spectral power modulation (ERD/ERS) was assessed for each subject and experimental condition and mean ERD/ERS was then calculated within the frequency bands 7 12 Hz (mu) and 13 30 Hz (beta) within each ROI.
RESULTS

Behavioral data
We first assessed the effects of the videos on subjective ratings. Every participant rated needle penetration, compared with touching by a cotton swab, as more painful for the target and more unpleasant for themselves to observe, irrespective of hand skin color. Ratings of the no pain videos showed a substantial floor effect. Ratings higher than zero occurred only sporadically and would have been classified as out liers by our outlier detection procedure (see Supplementary materials). Thus, the effects of target's ethnicity on the ratings were only assessed for the pain videos. This analysis revealed ( Table 1 ) that, in line with our prediction, painfulness ratings were significantly higher for ethnic ingroup targets than outgroup targets (P 0.039). Ratings of self experienced unpleasantness showed a trend for an ethnicity ingroup bias (P 0.064).
In the control experiment, in which violet colored hands were used, needle penetration was rated as more painful and unpleasant and a substantial floor effect in no pain conditions was present again. In contrast to the main experiment, however, we found no statistically significant difference in the ratings of white violet vs black violet hands (P values >0.05, Table 2 ).
Next, we analyzed the relationship between ratings of the pain videos and dispositional measures of empathy and ethnicity bias. For this purpose we calculated repeated measures analysis of covariance The trial sequence began with presenting a fixation cross (white on black background, duration varied between 1500 and 2000 ms), followed by a static display of a hand for a duration of 1500 ms. This static hand was followed by the video showing the action of hand treatment (i.e. motion of a needle syringe or a cotton swab, duration ¼ 1500 ms). After the needle syringe or the cotton swab had reached their final position, a static display of this last frame of the video was shown for a duration of 1500 ms. This trial structure enabled us to assess unspecific responses to viewing pictures of hands of different ethnicity, as compared with the specific responses to painful or non painful treatments of those hands. (RM ANCOVA) with the within subject variable ethnicity (white vs black) and the test/questionnaire score as a covariate. The effects of IRI subscales on the painfulness ratings were not significant (see Supplementary Tables ST1a d) , but including IRI scores to the model decreased the effect of ethnicity on painfulness ratings. In contrast, IRI scores were significantly associated with the ratings of unpleasantness. More specifically, pain videos were rated as inducing more unpleasant feelings in participants with higher scores on the FS (r 0.485, P 0.002, Supplementary Table ST2a), PD (r 0.469, P 0.002, Supplementary Table ST2c) , and EC (r 0.320, P 0.027, Supplementary Table ST2b) subscales of the IRI. Ethnicity had no significant influence on this relationship. In the IAT, there was a sig nificant bias toward Whites and against Blacks (as indexed by a sig nificant IAT D index: mean AE SEM 0.41 AE 0.08, t(35) 5.153, P < 0.001), but no significant relationship between IAT score and rat ings was observed (Supplementary Tables ST1e and ST2e) . Similarly, there was no significant association of ratings and ATB score (Supplementary Tables ST1f and ST2f) .
EEG data
Perception of the videos modulated sensorimotor mu as well as beta rhythm. In all experimental conditions, a prominent ERD of mu and beta oscillations occurred (Figure 2 ). More specifically, the time course of EEG changes was as follows: After hand onset (time 1500 ms), we observed a first ERD which then gradually decreased in magnitude. Upon the onset of the intervention with needle or cotton swab (time 0 ms), ERD increased again. After the needle or swab had reached its final position (time 1500 ms), the magnitude of ERD again gradually decreased, with the decrease being more evident in the beta than in the mu band. Given this ERD pattern, a time window from 1200 to 300 ms was selected to assess effects related to perception of the hands prior to the intervention, while a time windows of 300 1500 and 1800 3000 ms, respectively, were selected to assess the effects related to observing the dynamic action and the final treatment result (Figure 2 ). Within these time windows mean mu (7 12 Hz) and beta (13 30 Hz) ERD/ERS were separately calculated (see the rectangles in Figure 2) for the left and right ROIs (over sensorimotor cortex), and analyzed separately per frequency band using repeated measured analysis of variance (RM ANOVA) with within subject variables Ethnicity (white vs black), Treatment (painful vs non painful, not applicable for analyzing ERD prior to treatment onset) and Hemisphere (left vs right ROI). In the control experiment, the same approach was used, while the variable Ethnicity was replaced by Hand (white violet vs black violet). The rationale of the control experiment was to allow us to explore the nature and possible confounds of ethnicity bias in empathy in the main experiment. Hence, given the findings in the main experiment (see below), detailed analyses of mu ERD, the period prior to treatment onset and behavioral associations in the control experiment were deemed unnecessary and hence not carried out.
Perception of hand prior to treatment onset
The statistical analysis confirmed that perception of hands elicited a significant decrease in mu and beta power compared with pre stimulus baseline period (grand mean mu ERD/ERS 1.30 AE 0.19 dB, F(1,34) 46.75, P < 0.001; grand mean beta ERD/ERS 0.57 AE 0.09 dB, F(1,35) 42.75, P < 0.001). However, the factors Ethnicity and Hemisphere had no significant effect on neither mu nor on beta ERD (all main and interaction effects: P values > 0.05, Supplementary Table ST3 ).
Perception of hand treatmentdynamic action
Perception of the hand treatment also elicited a significant suppression of mu and beta rhythms with respect to pre stimulus baseline (grand mean mu ERD/ERS 1.25 AE 0.33 dB, F(1,34) 14.46, P 0.001; grand mean beta ERD/ERS 0.88 AE 0.13 dB, F(1,35) 47.95, P < 0.001). The RM ANOVA (Table 3) showed that mu ERD was sig nificantly stronger in response to videos of white compared with black hands (P < 0.001). However, this effect was observed irrespectively of whether pain or no pain was observed (Ethnicity Â Treatment: P 0.972). We also did not find a significant main effect of Treatment on mu ERD (P 0.122). A different pattern of effects was observed for the beta rhythm (Table 4) . Importantly, apart from a trend for a main effect of Ethnicity (P 0.055) a significant interaction between Ethnicity and Treatment was obtained (P 0.009, Figure 3) . Simple effects analysis revealed that this interaction can be explained as follows: (i) for pain videos, white hands induced stronger beta ERD than black hands (effect of Ethnicity for pain videos: P 0.009); in contrast, observation of non painful treatments of black vs white hands did not differ (P 0.940); (ii) for white hands, observing pain induced stronger ERD than observing no pain (effect of Treatment for white hands: P 0.036) while no such effect of Treatment was present when observing videos of black hands (effect of Treatment for black hands: P 0.942).
In the control experiment, we did neither find a main effect of Treatment nor any interaction between Treatment and Hand on beta ERD (P values >0.05, Supplementary Table ST4 ). The only significant effect was for the variable Hand (P 0.010), which implied that white violet hands generally resulted in more beta ERD, but irrespective of whether the intervention was painful or not.
In order to explore the nature of experimental effects on beta ERD in more detail, we analyzed the relationship between beta ERD and behav ioral measures of ethnicity bias and empathy. Since no significant main and interaction effects of the factor Hemisphere were detected (Table 4) data from both hemispheres were pooled. In analogy to the analyses of the behavioral data, we added the score on the questionnaire/test as a continuous independent variable to the model and calculated RM ANCOVA. This revealed that beta ERD was significantly stronger in subjects with high scores on the IRI subscales of FS (r 0.349, P 0.010, Supplementary Table ST5a), EC (r 0.374, P 0.013, Tables ST5e f) . For pain videos, we also tested the relationship between beta ERD and ratings of painfulness and unpleasantness, but found no significant associations.
Perception of hand treatmentstatic endpoint
Toward the end of the videos, when observing the motionless picture of a needle inserted into the hand or a swab contacting the hand, the magnitude of ERD decreased, especially in the beta band (Figure 2 ), but remained significant compared with the baseline period (grand mean mu ERD/ERS 1.12 AE 0.20 dB, F(1,33) 32.432, P < 0.001, grand mean beta ERD/ERS 0.40 AE 0.10 dB, F(1,35) 15.770, P < 0.001). The RM ANOVA (Supplementary Table ST6a) showed that mu ERD was significantly stronger in the pain than in the no pain condition (main effect of Treatment: P 0.046), but equally so for black and white hands (Treatment Â Ethnicity: P 0.177), and the main effect of Ethnicity was also not significant (P 0.364). In contrast to the earlier, dynamic time period, we observed no significant main and interaction effects on beta ERD (Supplementary Table  ST6b ).
DISCUSSION
The aim of this study was to address the electrophysiological correlates of ethnicity bias during empathy for pain. Using spectral analysis of event related EEG changes, we explored whether resonant responses of sensorimotor cortex elicited by observing painful treatment of target hands vary depending on the target's ethnicity. We found that the sensorimotor beta rhythm was suppressed more strongly when obser ving painful compared with non painful treatments of targets that were of the same ('white') ethnicity as the participants. In contrast, when observing targets of a different ('black') ethnicity, the suppres sion of beta oscillations was not different between painful and non painful treatments. Similarly, in the control experiment using hands that had been colored in violet, beta changes also did not differ between painful and non painful treatments. Notably, this evidence of an ethnicity bias was restricted to the observation of pain ful actions, as beta ERD for white and black hands neither differed when observing non painful actions, nor during the initial presenta tion of static black and white hands at the onset of a trial. The control experiment also confirmed that the ingroup bias was not due to different brightness or shape of black and white hands since the dif ference in beta ERD between 'white violet' and 'black violet' stimuli was of equal magnitude when observing painful and non painful treat ments. Moreover, when debriefed at the completion of the control experiment, while participants had reported to notice differences in hand shape, none had reported suspicion that the hands varied in ethnicity (for additional commentary see Supplementary Discussion, paragraph 1).
In accordance with previous reports (Montalan et al., 2012; Trawalter et al., 2012; Contreras Huerta et al., 2013) , the estimates of how painful the observed needle injection might feel for the target were biased so that ethnic ingroup targets were considered to be in stronger pain than outgroup targets. Interestingly, the magnitude of this bias (and also of the IAT bias) was uncorrelated with the bias in beta ERD. Furthermore, in agreement with previous evidence (Cheng et al., 2008; Avenanti et al., 2009a; Martínez Jauand et al., 2012; Schaefer et al., 2012) , we found that reactive responses of sensorimotor cortex were positively associated with trait measures of interpersonal reactivity, being higher in individuals scoring higher in FS, EC as well as PD. Model: 2 Â 2 Â 2 RM ANOVA; within subject independent variables: Ethnicity, Treatment, Hemisphere; dependent variable: ERD/ERS (mean within a time window 300 1500 ms). Our findings extend the knowledge on the involvement of sensori motor processes in social cognition (see e.g. Keysers et al., 2010, for review) . Previous studies had shown that the observation of bodily contacts activates sensorimotor cortex (Blakemore et al., 2005; Ebisch et al., 2008; Schaefer et al., 2009 Schaefer et al., , 2012 Whitmarsh et al., 2011; Kuehn et al., 2013) . We confirm these findings and, moreover, show that observing painful contacts activates sensorimotor cortex more strongly for ethnic ingroup than outgroup targets. We note, however, that conclusions must be drawn with caution since our find ings are limited to a sample of white Caucasian subjects. In the re mainder of the discussion, we will discuss the possible neurofunctional mechanisms underlying our findings and explore their implications for social cognition models of intergroup processes.
First, it is important to note that ethnicity bias in sensorimotor responses to pain in others was restricted to beta oscillatory activity. This may seem somewhat surprising given previous reports on changes in the mu range related to empathy (Cheng et al., 2008; Perry et al., 2010; Whitmarsh et al., 2011) . We did find, however, stronger mu ERD in the pain compared with the no pain conditions only within the last time window, when a static picture of the treatment endpoint was displayed, but this effect was similar for white and black hands. In contrast, beta ERD modulation related to ethnicity was only observed within the period in which the needle penetration was dynamically displayed. This suggests that ingroup bias in sensorimotor responses is only observable when using dynamic video stimuli. However, since the functional distinction between mu and beta ERD remains poorly understood, we have no straightforward explanation for the distinct reactivity of beta and mu oscillations.
Basically, our findings might be related to two specific functional processes, i.e. somatosensation and motor processing. Beta ERD is considered to index increased excitability of cortical neurons to incom ing somatosensory signals (Steriade and Llinás, 1988; Pfurtscheller and da Silva, 2005; Stevenson et al., 2011) and numerous studies also im plicate a specific role of beta oscillations in pain processing (see Hauck et al., 2008, for review) . For instance, painful stimuli elicit stronger beta ERD than non painful stimulation (Ploner et al., 2006; Stancˇák et al., 2007; Mancini et al., 2013 ; see also Fallon et al., 2013) . Beta oscillations to painful stimuli also seem to be strongly influenced by contextual variables, such as attention, anticipation of stimuli and social signals, with accumulating evidence that such contextual effects are more readily observed for the beta compared with the mu/alpha band (Ohara et al., 2004; Senkowski et al., 2011; Voisin et al., 2011; Valentini et al., 2012; Yoshino et al., 2012; Mancini et al., 2013) . Our finding may thus reflect biased vicarious somatosensory responding to observed pain, similar to that observed in touch perception (cf. Serino et al., 2009) .
Apart from somatosensory/pain processing, a substantial body of research indicates that beta oscillations are also involved in motor processes (for review see Jenkinson and Brown, 2011; van Wijk et al., 2012; Kilavik et al., 2013) . It is well established that beta oscillations decrease before and during movement execution (Pfurtscheller and da Silva, 2005; Kilavik et al., 2013) as well as during action observation (Babiloni et al., 2002; Avanzini et al., 2012) . It has also been shown that the human motor system is acti vated in anticipation of a potential movement of the observed actor (Kilner et al., 2004; Avenanti et al., 2009b; Urgesi et al., 2010) and it is possible that such anticipatory motor activation, in this case related to an incoming defensive reaction to a painful bodily contact, is evoked more readily when observing people who are closer to us.
Engagement of motor processes in pain empathy is also indicated by a series of TMS experiments performed by Avenanti et al. They repeatedly reported that observing a needle penetrating the first dorsal interosseus (FDI) muscle attenuates MEPs of this muscle elicited by single TMS pulses delivered to contralateral primary motor cortex (e.g. Avenanti et al., 2005) . Exploiting these findings in a study on ethnicity bias, MEP reduction of contralateral FDI was only obtained when participants witnessed painful injections into the FDI muscle of ethnic ingroup, but not of outgroup members . Using the same stimuli, we found an overall desynchronization of sen sorimotor rhythms which, in the beta band, was strongest for pain of ingroup targets. Since mu and beta ERD is accompanied with MEP increase rather than decrease (Rossini et al., 1991; Chen et al., 1998; Lepage et al., 2008; Maki and Ilmoniemi, 2010; Takemi et al., 2013) our findings seem at odds with those of Avenanti et al. There are several explanations that could reconcile these findings, though. First, in the paradigm we and Avenanti et al. had used, ERD might be related to somatosensory rather than motor responses. However, it would be unclear then why the recruitment of motor processes as indicated by the MEPs should not be accompanied by changes in EEG oscillations as well. Second, changes of MEPs could be caused by modulation of spinal, rather than cortical, excitability. This seems improbable either, since the findings of Avenanti et al. (2005) indicate that the modula tion of MEPs by pain observation is of cortical origin. Third, because the MEP decrease is very selective, i.e. restricted to the muscle observed being penetrated, the spatially very restricted modulation of excitability may not affect scalp EEG. Moreover, it has been shown that while painful stimulation of fingers inhibits finger muscles it facilitates the effectors of the withdrawal reflex, including large muscles such as biceps brachii and deltoid (Kofler et al., 1998; Urban et al., 2004;  for review see Bank et al., 2013) , so that the net EEG oscillations detected on the scalp surface may be determined by this much more extensive excitability increase (cf. Avenanti et al., 2009b ; for additional commen tary, see also Supplementary Discussion, paragraph 2). This explan ation seems the most probable as it is also consistent with fMRI findings, showing an increase in BOLD signal from motor cortex when observing painful compared with non painful hand contacts (Lamm et al., 2007b) . Further studies, however, are needed to draw more definite conclusions on the relationship between modulation of EEG and corticospinal excitability during perception of pain in others.
The increased readiness for reactive movements would be in line with the contention that pain acts as a particularly strong social signal which, apart from soliciting help, fulfills an important warning function in protection from imminent harm (e.g. Williams, 2002) . It has been demonstrated that aversive visual primes, such as depictions of dangerous situations or painful injuries, increase excitability of motor cortex (Hajcak et al., 2007; Borgomaneri et al., 2014) and fa cilitate movements (Grecucci et al., 2011) . The ingroup favoritism in action preparation is also indicated by a plethora of findings that people tend to behave in synchrony with ingroup rather than outgroup persons (Yabar et al., 2006; Bourgeois and Hess, 2008; Efferson et al., 2008; Gutsell and Inzlicht, 2010; Fu et al., 2012) . Moreover, our own previous work has shown that increasing the self relatedness of others by perspective taking manipulations results in increased activation in motor brain areas and increased motor mimetic reactions to others' pain (Lamm et al., 2007a (Lamm et al., , 2008 ; for additional commentary, see also Supplementary Discussion, paragraph 3).
While discussing our findings as either related to somatosensory or, respectively, to motor resonance, recent research has indicated that a principal conceptual distinction between somatosensory and motor processing may be arbitrary since these processes are tightly and inherently coupled (see Baker, 2007, for review) . For instance, in macaques, several cortical areas located on both sides of the central sulcus contain multimodal sensory motor neurons (for review see Fogassi et al., 2005; Graziano, 2006) . Many multimodal cells, besides having motor fields, respond to tactile as well as visual stimuli, and such colocalization of neural responses was also demonstrated in human parietal and frontal cortices (Bremmer et al., 2001; Gentile et al., 2011) . Typically, visual responses of the multimodal neurons are highest for objects moving toward their somatosensory receptive fields and approaching them (Graziano et al., 1997) . Similarly, in our experiment beta ERD was maximal when the needle or the swab was moving toward the hand. Graziano et al. found that electric stimula tions of regions of the precentral gyrus containing multimodal neurons elicit complex movements including defensive movements, such as fast retractions of the hand away from a potentially noxious object (Graziano et al., 2002) . Recent findings indicate that these multimodal cortical areas map objects not only located near to one's own body, but also to the body of another individual (Ishida et al., 2010; Brozzoli et al., 2013) . Such a shared integrated representation of sensory events and actions is likely to support social interaction. This is confirmed by recent studies showing that negative implicit attitudes toward out group members are reduced after inducing illusions of membership of an ethnic outgroup body (Fini et al., 2013; Maister et al., 2013; Peck et al., 2013; Farmer et al., 2014 ; for additional commentary see Supplementary Discussion, paragraph 4).
In summary, considering our findings together with those of others on EEG changes related to sensorimotor processing, we would like to suggest that the ingroup bias revealed in our study could relate to activation of a sensorimotor network, which (i) detects with higher sensitivity when pain is inflicted in persons who are more similar to us, (ii) provides stronger predictive signals of others' immediate action and (iii) increases, in a mirror like fashion, the readiness for reactive movements. However, based on the current experiment alone, this interpretation remains speculative and needs to be supported by add itional data testing this claim.
CONCLUSIONS
Our study provides evidence that observing painful bodily contacts of ethnic ingroup targets evokes increased resonant activity of sensori motor cortex, reflected by desynchronization of the beta rhythm. Such vicarious sensorimotor activation could play a role in social inter action by enhancing the understanding of the feelings and reactions of others and hence facilitating behavioral coordination among group members.
SUPPLEMENTARY DATA Supplementary data are available at SCAN online.
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